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Abstract 
Objective. Steroid-sensitive nephrotic syndrome (SSNS) in children is often complicated by 
one or more relapses, as manifested by the appearance of proteinuria. Besides health-related triggers, 
psychological stress might be related to relapse. This longitudinal study examined the link between 
perceived stress, emotional valence (feeling happy vs. unhappy) and daily reported proteinuria, and 
investigated the temporal relation between stressful events and proteinuria. Method. Sixteen children 
(4-13 years) diagnosed with SSNS were included. Patients kept an online diary for an average of 124 
days, wherein they reported proteinuria (n = 1985 urine samples), perceived stress, emotional valence, 
medication use and health complaints. Stressful days were determined at the start of the study. Using 
multilevel analysis, the following associations were tested: (1) the relation between perceived stress, 
emotional valence and proteinuria, and (2) the temporal relation between stressful days and 
proteinuria. Results. Appearance of proteinuria was reported in 410/1985 urine samples. Perceived 
stress and not emotional valence significantly predicted proteinuria (95% CI [.11, .27]), even five days 
later. There was a significant temporal association between stressful days and proteinuria (95% CI 
[.22, 1.14]). The effect sizes of these associations were small, f = .04 and f =.12, respectively. 
Conclusions. Our findings suggest that psychological stress may trigger proteinuria in children with 
SSNS. Future research in larger samples is needed to support our findings. 
 
Keywords: Albuminuria; Life Experiences; Nephrotic Syndrome; Pediatrics; Stress, Psychological; 
Symptom Flare Up 
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Introduction 
Steroid-sensitive idiopathic nephrotic syndrome (SSNS) is a severe kidney disease with 
proteinuria, hypoproteinemia, hyperlipidemia and the appearance of edema. The etiology of SSNS is 
not known. SSNS might lead to serious complications, such as infections, venous thromboembolism, 
and cardiovascular disease (Eddy & Symons, 2003; Gorensek, Lebel, & Nelson, 1988). Around 80% 
of SSNS patients show a relapse after the first treatment with corticosteroids. Half of these patients 
experience frequent relapses (>4 times/year) or become steroid-dependent (Sureshkumar, Hodson, 
Willis, Barzi, & Craig, 2014). Steroid treatment is associated with severe side-effects, e.g., growth 
retardation, hypertension, osteoporosis and bone fractures (Grenda & Webb, 2010). Frequent relapsing 
patients are often treated with second-line drugs such as cyclosporine, tacrolimus, or mycophenolate 
mofetil—which may have side-effects, e.g., increased susceptibility to infections, reduced renal 
function and gastrointestinal complaints (Latta, von Schnakenburg, & Ehrich, 2001). It is known that 
infections, such as the common cold, are most predictive of relapse (MacDonald, Wolfish, McLaine, 
Phipps, & Rossier, 1986; Uwaezuoke, 2015). Psychological stress has been associated with relapse in 
other relapsing-remitting diseases, such as inflammatory bowel disease, asthma, multiple sclerosis and 
psoriasis (Artemiadis, Anagnostouli, & Alexopoulos, 2011; Chen & Miller, 2007; Langhorst, 
Hofstetter, Wolfe, & Häuser, 2013; Mawdsley & Rampton, 2006; Picardi & Abeni, 2001; Potagas et 
al., 2008). For example, Potagas et al. (2008) found that stressful life events and increased levels of 
anxiety significantly predicted the risk of relapse in a sample of women with multiple sclerosis. The 
link between stress and relapse in SSNS has been mentioned by Takahashi and colleagues (2006). In 
this study, patients presented more relapses in the period preceding scheduled visits to the outpatient 
clinic, possibly referring to the role of stress. School events and domestic events also seemed to trigger 
relapses. With these results in mind, it might be possible that stress triggers relapse in SSNS. 
Stress is defined by Grant et al. (2003, p. 449) as “environmental events or chronic conditions 
that objectively threaten the physical and/or psychological health or well-being of individuals”. As 
Selye (1956) pointed out, both negative events (distress) and positive events (eustress) may evoke 
stress. Negative events that may elicit stress in children are, for example, failing a grade in school or 
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4 
the death of a grandparent (Coddington, 1972). Positive events, such as a holiday or a birthday, have 
also been associated with stress (Van Kampen, Jansen, Steinbusch, Joëls, & Baals, 2012), possibly 
because they impact the daily routine or familiar environment of regular life before and after the 
stressful event. According to the perseverative cognition hypothesis, stressful events cause people to 
worry during the period anticipating the stressor, which may affect the neurobiology of stress 
(Brosschot, Pieper, & Thayer, 2005; Verkuil, Brosschot, Meerman, & Thayer, 2012). The degree to 
which someone appraises an event as stressful, defined as perceived stress, varies among individuals. 
Both stressful events and perceptions of stress appeared relevant to explain changes in child 
psychological functioning (Willemen, Goossens, Koot, & Schuengel, 2009). Emotional valence (how 
positive or negative an event is) may also be associated with an individual’s response to stress 
(Russell, 1980). Based on a stress homeostasis framework, stress is hypothesized to impact biological 
and psychological functioning (Lazarus, 2006; Selye, 1956). According to this framework, negative 
emotions arise when homeostasis is threatened by potential stressful events (Gross, 2012). At the same 
time, positive emotions in reaction to stress can relieve the level of stress and may be a buffer against 
dysregulation (Bai & Repetti, 2018). To summarize, both stressful life events and subjective stress 
(i.e., perceived stress and emotional valence) may contribute to dysregulated psychological and 
biological functioning. 
It is known that the neuroendocrine system plays a role in the relation between psychological 
stress and somatic illness. Previous research has established that subjective stress affects physical 
and/or psychological wellbeing (Öhman, Bergdahl, Nyberg, & Nilsson, 2007; Thoits, 1983) and 
induces changes in the neuroendocrine stress axis, leading to the release of cortisol (Van Eck, Berkhof, 
Nicolson, & Sulon, 1996). Cortisol release due to prolonged stress might trigger negative health 
effects, such as infections, caused by an under- or overreaction of the body’s immune system (Chen & 
Miller, 2007; Kristenson, Eriksen, Sluiter, Starke, & Ursin, 2004; Segerstrom & Miller, 2004). Chen 
and Miller (2007) proposed a model for the role of cortisol in the relation between stress and disease 
in asthma patients. Their model indicates that stress leads to an increased cortisol release, or a decrease 
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5 
in the sensitivity of cortisol receptors, which in their turn dysregulate the immune system and worsen 
disease symptoms. A similar process may be underlying relapse in SSNS patients.   
Although the exact immunological system underlying SSNS is still unknown, several studies 
have emphasized an altered immune response, possibly affected by dysregulation of T or B 
lymphocytes (Benz, 2010; De Fátima Pereira et al., 2014; Mishra, Abhinay, Mishra, Prasad, & Pohl, 
2013). Taking into consideration a combination of the exposure to stress and an altered immune 
response in patients with SSNS, dysregulated cortisol release may lead to an under- or overreaction of 
the immune system and thus increases the risk of relapse. This may happen due to episodes of 
prolonged subjective stress (i.e., perceived stress and/or emotional valence), or in the anticipation of 
stressful events, as a result of worrying. Figure 1 shows the proposed mechanisms through which 
stress may affect the likelihood of relapse.  
 
 
Figure 1. Proposed mechanisms through which stressful life events and/or subjective stress may lead 
to the occurrence of relapse in SSNS. 
 
To our knowledge, the study by Takahashi and colleagues (2006) is the only study focusing on 
the link between stress and relapse in SSNS. However, due to the retrospective character of this study, 
it is still unknown whether stress precedes relapses. To gain more knowledge about the triggering 
effect of stress on relapse and the nature of these stressors, it is necessary to test this in a prospective 
study. In the present study, we prospectively examined the relation between perceived stress, 
emotional valence and daily reported proteinuria in a sample of children with SSNS. In addition, we 
investigated the temporal relation between stressful events and proteinuria. We hypothesized that 
elevated levels of perceived stress and negative emotional valence would be associated with higher 
Cortisol release
Dysregulated
immunological
 response
Relapse
Stressful events
and/or
subjective stress
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6 
proteinuria, one day later. We also expected proteinuria to be higher on days prior to and after stressful 
events, compared to control days. 
 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
 
 
 
 
7 
Methods 
Study design 
A longitudinal research design was used. Patients were followed up to 365 days and used a 
digital diary to report daily levels of proteinuria, perceived stress and emotional valence. In the 
original study design, the dependent variable was the number of relapses. However, only five patients 
relapsed during the study period (n = 10). Hence, daily levels of proteinuria were chosen as outcome 
(n = 1985 urine samples). This study controlled for confounding effects of suppressive medication use 
and health problems as reported by the patients or their parents. 
Patients 
This study involved 18 children with idiopathic SSNS. Two patients dropped out because of 
the intensity of the study. Participants consisted of 13 boys and 3 girls, with a mean age of 8.2 years 
(range 4-13). Inclusion criteria were: age between 5 and 16 years at time of inclusion, SSNS diagnosis, 
and a relapse rate of at least once per year or a first-time presentation of SSNS. Patients filled in diary 
entries for in total 1985 days (M =  124.07, SD = 97.92) days. Proteinuria was reported on all 1985 
days. Perceived stress was missing for 6 days (0.5%) and emotional valence for 6 days (0.5%). 
Procedure 
This study was approved by the Medical Ethical Committee of the Amsterdam university hospital 
AMC (NL35137.018.11). In six Dutch university hospitals, 48 patients were approached by their 
nephrologist and received information about the study. Eighteen patients (response rate 38%) and their 
parents gave written informed consent. Patients were instructed to keep an online diary for 365 days 
wherein they reported daily proteinuria, perceived stress, emotional valence, changes in medication 
use and health-related problems. Families received monthly updates on proteinuria, and study progress 
was reported twice in a newsletter.  
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Measures 
Proteinuria. Proteinuria was measured daily with the Albustix dipstick, which represents a 6-
point scale of proteinuria: 1 (no appearance of albumin), 2 (traces of albumin), 3 (+), 4 (++), 5 
(+++), and 6 (++++). Values >2 represent the appearance of proteinuria. Relapse indicates a value of 
4 (++) and higher on ≥3 consecutive days (Sureshkumar et al., 2014). Patients were instructed to use 
the Albustix in the evening, after reporting perceived stress. 
Perceived stress. Perceived stress was reported daily on a visual analogue scale in the form of 
a Distress Thermometer. Patients reported on the question: “Did you feel distressed or nervous 
today?” using the Distress Thermometer, which produced a score ranging from 0 (not distressed) to 
100 (very distressed). The use of a Distress Thermometer to assess children’s psychosocial distress has 
been validated in pediatric patients with other serious diseases (Patel et al., 2011; Wiener, Battles, 
Zadeh, Widemann, & Pao, 2017). 
Emotional valence. Emotional valence was reported on the pleasure dimension of the Self-
Assessment Manikin (SAM; Bradley & Lang, 1994), a non-verbal pictorial instrument which 
produced a score ranging from 1 (very happy, cheerful, or satisfied) to 9 (very disappointed, defeated, 
or sad). Bradley and Lang (1994) provided data validating the use of the SAM in an undergraduate 
student sample in measurement of the valence of emotional response. 
Stressful days. Four predetermined days were marked as days with stressful events: (1) the 
children’s holiday Saint Nicholas (a Dutch holiday comparable to Christmas) or a school examination, 
(2) first day of school, (3) birthday, (4) another self-reported stressful day. These events were used in 
previous research on stress and disease in children (Van Campen et al., 2012). Type of day was a 
dummy variable. Because this study aimed to investigate the temporal relation between stressful 
events and proteinuria, seven days before and after a stressful event were marked as stressful days (1), 
and the seven days after this period were marked as control days (0).  
Medication use and health problems. This study controlled for confounding effects of 
medication use and health problems as reported by the patients themselves or their parents. It is known 
that corticosteroids and cytotoxic drugs have a suppressive function on the immune system and reduce 
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9 
the relapse rate of NS (Eddy & Symons, 2003; Latta et al., 2001). Infections, such as the common 
cold, are known to cause relapse (Uwaezuoke, 2015). Changes in medication and dosage were 
reported by the patients’ parents. Medication was noted as a dummy variable: days with medication 
use were marked as 1 and days without medication use were marked as 0. Health problems were also 
noted as a dummy variable: days with health problems were marked as 1 and days without health 
problems were marked as 0. All patients’ health problems as reported by their parents were included in 
the study. 
Statistical procedure 
Multilevel analyses (linear mixed-effects models) were conducted in R (v. 3.5.0) using 
package lme4 (v. 1.1-17). This is an appropriate type of analysis for study designs with repeated 
measurements nested within individuals. It takes into account the hierarchical structure of the data, and 
handles variation in measurement periods and varying numbers of measurements between patients 
(Hayes, 2006; Snijders & Bosker, 1999). Continuous variables (time, proteinuria, perceived stress and 
emotional valence) were standardized to a mean of 0 and a standard deviation of 1, to allow for 
interpretation of the effect sizes of coefficients (Lorah, 2018). The following procedure was used to fit 
the data into multilevel models. First, an unconditional means model with a random intercept was 
created, which described the mean value of the outcome variable over time with a zero slope. The 
independent variables were added step-by-step as fixed effects. Parameter estimates (β coefficients) 
were significant at an alpha level of .05. -2 Log Likelihood ratio tests were conducted to test how well 
the data fit a subsequent growth model. This test uses a χ2 – distribution to test differences between the 
-2 Log Likelihood statistics of two nested models. An alpha level of .05 indicated an improved fit of 
the data to a growth model, given the number of parameters. Effect sizes were determined by 
computing f2 , which compares the proportion of variance (R2) explained by two subsequent growth 
models (one without and one with the effect of interest), and can be interpreted using Cohen’s criteria 
(1992). This approach has been suggested as a suitable method for determining effect sizes in 
multilevel models (Lorah, 2018; see also Aiken & West, 1991). 
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The effects of perceived stress and emotional valence on proteinuria. First, a time variable 
was created to represent the change in proteinuria for each patient. Per patient, each diary entry was 
given a number. Multilevel analyses were conducted with proteinuria as outcome, and time, 
medication use, health problems, perceived stress and emotional valence as predictors. Further, 
analyses were conducted with proteinuria leaded with one day and lagged with seven days, to explore 
the effect of perceived stress on proteinuria for the previous day and subsequent days. 
Validation of stressful days. To test the validity of the stressful events, multilevel analyses 
were conducted to examine whether patients reported higher levels of perceived stress and negative 
emotional valence on stressful days vs. control days. Medication use, health problems, and type of day 
were added to models with perceived stress and emotional valence as the outcome.  
The effect of stressful days on proteinuria. To investigate the temporal relationship between 
stressful days and proteinuria, multilevel analyses were conducted with proteinuria as outcome, and 
medication use, health problems, and type of day as predictors. 
Results 
Descriptive statistics 
Together, the 16 participants in this study filled in a total of 1985 diary entries. Patient 
characteristics are presented in Table 1. In total, fifteen days were determined as days with stressful 
events. Appearance of proteinuria was reported on 410/1985 days. Medication use was reported on 
1399/1985 days (17% missing). Health complaints were reported on 441/1985 days, and mainly 
included having the common cold (94%). Other reported health issues included allergic reactions, 
vomiting, diarrhea, fever, stomach ache, headache, sore throat and earache. Multilevel analyses 
showed that patients who relapsed (n = 5) did not show different levels of perceived stress than 
patients who did not relapse (p = .437), nor did they show different levels of emotional valence (p = 
.116). Table 2 presents descriptive statistics of the study variables. 
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Table 1       
Patient Characteristics (N = 16)      
Subject Gender Age 
Duration of 
study 
participation 
Diary 
entries 
Adherence  Relapses  
      n (days) n  n 
1 Male 10 435 193 44% - 
2 Male 7 410 99 24% - 
3 Male 13 387 55 14% 1 
4 Male 9 20 9 45% - 
5    Dropout   
6 Male 9 456 283 62% 4 
7 Male 5 526 26 5% - 
8 Male 9 417 372 89% 2 
9    Dropout   
10 Female 9 415 274 66% 2 
11 Male 6 412 246 60% - 
12 Male 7 397 135 35% - 
13 Male 11 170 62 36% - 
14 Male 5 24 19 79% - 
15 Male 9 202 28 14% - 
16 Male 8 202 28 14% - 
17 Female 4 174 127 73% 1 
18 Female 10 112 29 26% - 
Totals      n = 4759 n = 1985 42% n = 10 
Note. The number of diary entries equals the number of daily proteinuria reports. Relapse: ≥3 consecutive days 
an Albustix value of 4 (++) or higher. Adherence rate: percentage of diary entries during study participation 
(diary entries / days of study participation). 
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Note. Seven days before and after the stressful event (n = 15 events in total) were marked as stressful 
days. The seven days after this period were marked as control days. Perceived stress was reported on 
the Distress Thermometer. Emotional valence was reported on the SAM (Bradley & Lang, 1994). 
 
  
  
Table 2 
Descriptive Statistics 
 n M SD Range 
Proteinuria 1985 1.35 .83 1-6 
Stressful days 106 1.67 1.36 1-6 
Control days 45 1.29 .51 1-3 
Perceived stress 1985 23.11 24.95 0-100 
Stressful days 106 28.73 26.16 0-100 
Control days 45 25.02 26.77 0-75 
Emotional valence 1985 2.95 1.27 1-9 
Stressful days 106 2.80 1.08 1-6 
Control days 45 2.91 1.06 1-5 
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The effects of health problems, medication and age 
Table 3 shows a summary of the multilevel model. Adding time did not improve the model fit 
(Model 1). Health problems and medication improved the model fit (Model 2). As expected, 
proteinuria was significantly higher on days when children reported health problems (M = 1.43, SE = 
.10, 95% CI [1.21, 1.64]) than on days without health problems (M = 1.10, SE = .09, 95% CI [.90, 
1.3], p < .001). Similarly, proteinuria was significantly higher on days when patients used medication 
(M = 1.39, SE = .09, 95% CI [1.19, 1.59]) than on days when they did not (M = 1.14, SE = .11, 95% 
CI [.92, 1.36], p = .002). Controlled for medication and health problems, age was significantly 
associated with proteinuria (β = -.16, SE = .07, 95% CI [-.29, -.03], p = .045). Because age was not 
significantly associated with either perceived stress (β = .18, SE = .13, 95% CI [-.08, .44], p = .203) or 
emotional valence (β = .16, SE = .14, 95% CI [-.11, .44], p = .270), age was not included as a covariate 
in subsequent analyses. 
The effects of perceived stress and emotional valence on proteinuria 
Perceived stress (Model 3) further improved the model fit (-2 Log Likelihood = 4767, Δχ2(Δdf 
= 1) = 20, p < .001). Perceived stress had a significant positive effect on proteinuria on the same day 
(β = .19, SE = .04, 95% CI [.11, .27], p < .001), one day later (β = .19, SE = .04, 95% CI [.10, .27], p < 
.001), but also on the previous day (β = .12, SE = .04, 95% CI [.04, .20], p = .003). Adding emotional 
valence did not improve the model fit. As shown in Table 4, perceived stress was significantly 
associated with proteinuria up to five days later. The effect size of perceived stress on proteinuria on 
the same day was f2 = .04, which is considered a small effect (Cohen, 1992). 
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Table 3 
Summary of the Multilevel Model for the Effects of Perceived Stress and Emotional Valence on Proteinuria 
 Unconditional means  Model 1 Model 2 Model 3 Model 4 
Parameters β (SE) β (SE) β (SE) β (SE) β (SE) 
Fixed effects      
Intercept -.03 (.10) .08 (.10) -.41 (.13) -.45 (.15)  -.44 (.15) 
Time  -.11 (.03)*** -.17 (.03)*** -.16 (.03)*** -.16 (.03)*** 
Health problems   .39 (.07)*** .45 (.07)*** .45 (.07)*** 
Medication use   .30 (.09)** .34 (.10)*** .34 (.10)*** 
Perceived stress    .19 (.04)*** .17 (.04)*** 
Emotional valence     .06 (.03)* 
Model summary      
-2 Log Likelihood 5462 5459 4787*** 4767*** 4769 
No. of estimated parameters 2 4 6 7 8 
Note. β = parameter estimate in the multilevel model, SE = standard error, -2 Log Likelihood = deviance statistic. Dichotomous variables (health problems and 
medication use) are marked as 0-1. * p < .05. ** p < .01. *** p < .001.  
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Table 4 
   
Fixed Effects Results of the Multilevel Models for the Effect of Perceived Stress on 
Proteinuria 
Proteinuria β SE 95% CI 
Same day .19*** .04 [.11, .27] 
1 day later .19*** .04 [.10, .27] 
2 days later .13** .04 [.04, .21] 
3 days later .14*** .04 [.05, .22] 
4 days later .13** .04 [.04, .21] 
5 days later .12** .04 [.03, .20] 
6 days later .05 .04 [-.03, .14] 
7 days later .05 .04 [-.04, .13] 
Note. Daily reported perceived stress = independent variable, daily reported proteinuria = dependent 
variable. β = parameter estimate of perceived stress in the multilevel model, SE = standard error. 
Proteinuria was measured with the Albustix dipstick. Perceived stress was reported on the Distress 
Thermometer. Analyses were controlled for the effects of health problems and medication use.  
* p < .05. ** p < .01. *** p < .001.  
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The effect of stressful days on proteinuria 
Type of day had a significant effect on daily reported perceived stress (-2 Log Likelihood = 
345, Δχ2(Δdf = 4) = 3902, p < .001). Levels of perceived stress were significantly higher on stressful 
days (M = 29.90, SE = 8.23, 95% CI [11.30, 48.49], compared to control days (M = 20.61, SE = 8.49, 
95% CI [1.75, 37.47], p = .003). There was no association between stressful days and emotional 
valence. Table 5 shows a summary of the multilevel model for the effect of stressful days on 
proteinuria. Type of day (Model 3) significantly improved the model fit (-2 Log Likelihood = 383, 
Δχ2(Δdf = 1) = 4404, p < .001). Stressful days were significantly associated with elevated proteinuria 
(β = 0.68, SE = .24, 95% CI [.22, 1.14], p = .005). Proteinuria was higher on stressful days (M = 1.47, 
SE = .41, 95% CI [.46, 2.49]) compared to control days (M = .90, SE = .43, 95% CI [-.11, 1.93], p = 
.005). The effect size was f2 = .12, which is considered a small to medium effect (Cohen, 1992).  
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Table 5     
Summary of the Multilevel Model for the Effect of Stressful Days on Proteinuria 
 Unconditional means  Model 1 Model 2 Model 3 
Parameters β (SE) β (SE) β (SE) β (SE) 
Fixed effects     
Intercept -.03 (.10) .08 (.10) -.41 (.13) -.83 (.86) 
Time  -.11 (.03)*** -.17 (.03)*** -.36 (.15)* 
Health problems   .39 (.07)*** .32 (.34) 
Medication use   .30 (.09)** .47 (.97) 
Stressful days    .68 (.24)** 
Model summary     
-2 Log Likelihood 5462 5459 4787*** 383*** 
No. of estimated 
parameters 
2 4 6 7 
Note.  β = parameter estimate in the multilevel model, SE = standard error, -2 Log Likelihood = deviance statistic. The reference category for stressful days is control day. 
Dichotomous variables (health problems, medication use, and stressful days) are marked as 0-1. * p < .05. ** p < .01. *** p < .001.  
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Discussion 
This study addressed the relation between stress and proteinuria in a sample of children with 
SSNS. Because individuals differ in the degree to which they appraise an event as stressful, this study  
investigated both the effects of subjective stress (perceived stress and emotional valence) and stressful 
events. It was hypothesized that elevated levels of perceived stress and negative emotional valence 
were associated with higher proteinuria. Also, it was hypothesized that proteinuria was higher on days 
prior to stressful events, compared to control days. Our results show that perceived stress was 
associated with the appearance of proteinuria on the same day, up to five days later, but also on one 
day earlier. Further, the results indicate higher proteinuria prior to and after days with stressful events. 
Corresponding with our hypothesis, daily levels of perceived stress were associated with higher 
proteinuria, accounting for the influence of suppressive medication and reported health complaints. 
Emotional valence was not associated with proteinuria. As expected, children showed higher 
proteinuria on days when they felt more distressed or nervous, and also on one day later. Somewhat 
surprisingly, this effect was also found for one day earlier, although smaller in magnitude. This might 
reflect the usual effect that feelings of distress gradually increase instead of suddenly peak for a day 
(Van Eck et al., 1996). After controlling for emotional valence, perceived stress remained a robust 
predictor of proteinuria. This suggests that perceived stress, and not positive vs. negative mood state, 
might predict proteinuria. The results on perceived stress seem consistent with previous research in 
other relapsing-remitting diseases (e.g., Langhorst et al., 2013). The absence of an effect of emotional 
valence might be due the low variance of the scores. On most days, children reported towards the 
lower end of the scale (feeling rather happy instead of unhappy). Another reason might be that 
emotional valence interacts with distress, resulting in a multiplicative effect, as suggested by Russell 
(1980). Because of power limitations, this interaction could not be reliably tested in the current study. 
The days prior to and after stressful events were associated with higher proteinuria. These 
results are in line with those from earlier studies on stressful events and relapse in other relapsing-
remitting diseases (Artemiadis et al., 2011; Chen & Miller, 2007; Langhorst et al., 2013; Mawdsley & 
Rampton, 2006; Picardi & Abeni, 2001), and might be explained by the effect of worrying during the 
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period before the stressful event. Previous study results have shown that the intensity of worrying 
mediated the relation between stressful events and reported somatic complaints (Verkuil et al., 2012).  
Limitations 
Because of the sample size of the study, our results need to be interpreted with caution. 
Temporary elevated levels of proteinuria do not always result in relapses. Nevertheless, our findings 
indicate a moderate effect of stressful days on proteinuria. Another limitation is the large variation in 
diary entries. Because of the intensity of the study, the adherence rate was rather low (42%) and two 
patients dropped out of the study. This resulted in a limited number of data points. Further, the 
relatively low response rate, the overrepresentation of boys (13/16 patients) and the 
underrepresentation of adolescents limit the generalizability of our findings. Another limitation is the 
age range of our sample (4-13), with only four children aged above 10 years old. Future research 
should examine the effects of stress on relapse in SSNS in larger samples. 
Implications 
This is the first longitudinal study that has attempted to examine the effects of stress on 
proteinuria in patients with SSNS. The combination of our findings on perceived stress and stressful 
events, while preliminary, suggests a temporal relation between stress and proteinuria. This study may 
imply that the reoccurrence of relapses might be limited by reducing stress in children with NS. 
Therefore, in the treatment of NS, attention should be paid to children’s subjective stress experience 
and the anticipation of stressful situations, for example, by systematically monitoring stress 
(Haverman et al., 2014) or by offering interventions focused on children’s coping with stress 
(Scholten et al., 2013). This study extends the findings by Takahashi and colleagues (2006), who 
retrospectively addressed the link between stress and relapse in SSNS, and adds to the broader 
literature on stress and disease outcomes (Chen & Miller, 2007; Kristenson et al., 2004; Segerstrom & 
Miller, 2004). As mentioned previously, the immunological mechanism of the relation between stress 
and proteinuria is still unknown. This is an important issue for future research.  
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  20 
 
 
References 
Artemiadis, A. K., Anagnostouli, M. C., & Alexopoulos, E. C. (2011). Stress as a risk factor for 
multiple sclerosis onset or relapse: A systematic review. Neuroepidemiology, 36, 109-120. 
doi:10.1159/000323953 
Bai, S., & Repetti, R. L. (2018). Negative and positive emotion responses to daily school problems: 
Links to internalizing and externalizing symptoms. Journal of Abnormal Child Psychology, 
46(3), 423–435. https://doi.org/10.1007/s10802-017-0311-8 
Benz, K. (2010). Characterisation of renal immune cell infiltrates in children with nephrotic syndrome. 
Pediatric Nephrology, 25(7), 1291-1298. doi:10.1007/s00467-010-1507-0 
Bradley, M., & Lang, P. J. (1994). Measuring emotion: The Self-Assessment Semantic Differential 
Manikin and the semantic differential. Journal of Behavior Therapy and Experimental 
Psychiatry, 25, 49-59. doi:10.1016/0005-7916(94)90063-9 
Brosschot, J. F., Pieper, S., & Thayer, J. F. (2005). Expanding stress theory: Prolonged activation and 
perseverative cognition. Psychoneuroendocrinology, 30(10), 1043-1049. 
doi:https://doi.org/10.1016/j.psyneuen.2005.04.008 
Chen, E., & Miller, G. E. (2007). Stress and inflammation in exacerbations of asthma. Brain, 
behavior, and immunity, 21(8), 993-999. doi:10.1016/j.bbi.2007.03.009 
Coddington, R. D. (1972). The significance of life events as etiologic factors in the diseases of 
children. I. A survey of professional workers. Journal of Psychosomatic Research, 16, 7-18.  
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155–159. 
http://dx.doi.org/10.1037/0033-2909.112.1.155 
De Fátima Pereira, W., Brito-Melo, G. E. A., Guimarães, F. T. L., Carvalho, T. G. R., Mateo, E. C., & 
Simões e Silva, A. C. (2014). The role of the immune system in idiopathic nephrotic 
syndrome: A review of clinical and experimental studies. Inflammation Research, 63, 1-12. 
doi:10.1007/s00011-013-0672-6 
Eddy, A. A., & Symons, J. M. (2003). Nephrotic syndrome in childhood. Lancet, 362, 629-639. 
doi:10.1016/S0140-6736(03)14184-0 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  21 
 
 
Glanz, K., & Schwartz, M. B. (2008). Stress, coping and health behavior. In K. Glanz, B. Rimer, & K. 
Viswanath (Eds.), Health behavior and health education: Theory, research and practice (4th  
ed.). San Fransisco, CA: Jossey-Bass. 
Gorensek, M. J., Lebel, M. H., & Nelson, J. D. (1988). Peritonitis in children with nephrotic 
syndrome. Pediatrics, 81, 849-856.  
Grant, K. E., Compas, B. E., Stuhlmacher, A. F., Thurm, A. E., McMahon, S. D., & Halpert, J. A. 
(2003). Stressors and child and adolescent psychopathology: Moving from markers to 
mechanisms of risk. Psychological Bulletin, 129(3), 447-466. doi:10.1037/0033-
2909.129.3.447 
Grenda, R. & Webb, N. (2010). Steroid minimization in pediatric renal transplantation: Early 
withdrawal or avoidance? Pediatric Transplantation, 14, 961-967. doi: 10.1111/j.1399-
3046.2010.01403.x. 
Hayes, A. F. (2006). A primer on multilevel modeling. Human Communication Research, 32, 385-
410. doi:10.1111/j.1468-2958.2006.00281.x  
Kristenson, M., Eriksen, H. R., Sluiter, J. K., Starke, D., & Ursin, H. (2004). Psychobiological 
mechanisms of socioeconomic differences in health. Social Science & Medicine, 58(8), 1511-
1522. doi:https://doi.org/10.1016/S0277-9536(03)00353-8 
Langhorst, J., Hofstetter, A., Wolfe, F., & Häuser, W. (2013). Short-term stress, but not mucosal 
healing nor depression was predictive for the risk of relapse in patients with ulcerative colitis: 
A prospective 12-month follow-up study. Inflammatory Bowel Diseases, 19, 2380-2386. 
doi:10.1097/MIB.0b013e3182a192ba 
Latta, K., von Schnakenburg, C., & Ehrich, J. H. (2001). A meta-analysis of cytotoxic treatment for 
frequently relapsing nephrotic syndrome in children. Pediatric Nephrology, 16, 271-282.  
Lazarus, R. S., & Folkman, S. (1984). Stress, appraisal and coping. New York: Springer.  
Lorah, J. (2018). Effect size measures for multilevel models: definition, interpretation, and 
TIMSSexample. Large-Scale Assessments in Education, 6(8), 1–11. 
https://doi.org/10.1186/s40536-018-0061-2 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  22 
 
 
MacDonald, N. E., Wolfish, N., McLaine, P., Phipps, P., & Rossier, E. (1986). Role of respiratory 
viruses in exacerbations of primary nephrotic syndrome. Journal of Pediatrics, 108, 378-382.  
Mawdsley, J. E., & Rampton, D. S. (2006). The role of psychological stress in inflammatory bowel 
disease. Neuroimmunomodulation, 13, 327-336.  
Mishra, O. P., Abhinay, A., Mishra, R. N., Prasad, R., & Pohl, M. (2013). Can we predict relapses in 
children with idiopathic steroid-sensitive nephrotic syndrome? Journal of Tropical Pediatrics, 
59, 358-364. doi:10.1093/tropej/fmt029 
Öhman, L., Bergdahl, J., Nyberg, L., & Nilsson, L. G. (2007). Longitudinal analysis of the relation 
between moderate long-term stress and health. Stress and Health, 23, 131-138. 
doi:10.1002/smi.1130 
Patel, S. K., Mullins, W., Turk, A., Dekel, N., Kinjo, C., & Sato, J. K. (2011). Distress screening, rater 
agreement, and services in pediatric oncology. Psycho-Oncology, 20(12), 1324–1333. 
https://doi.org/10.1002/pon.1859 
Picardi, A., & Abeni, D. (2001). Stressful life events and skin diseases: Disentangling evidence from 
myth. Psychotherapy and Psychosomatics, 70(3), 118-136.  
Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social Psychology, 
39(6), 1161-1178. doi:10.1037/h0077714 
Segerstrom, S. C., & Miller, G. E. (2004). Psychological stress and the human immune system: A 
meta- analytic study of 30 years of inquiry. Psychological Bulletin, 130(4), 601-630.  
Smets, P. M. Y., Lefebvre, H. P., Aresu, L., Croubels, S., Haers, H., Piron, K., . . . Daminet, S. (2012). 
Renal function and morphology in aged Beagle dogs before and after hydrocortisone 
administration. PLoS One, 7, e31702. doi:10.1371/journal.pone.0031702 
Snijders, T. A. B., & Bosker, R. J. (1999). Multilevel analysis: An introduction to basic and advanced 
multilevel modeling (2nd ed.). London: Sage. 
Sureshkumar, P., Hodson, E. M., Willis, N. S., Barzi, F., & Craig, J. C. (2014). Predictors of remission 
and relapse in idiopathic nephrotic syndrome: A prospective cohort study. Pediatric 
Nephrology, 29, 1039-1046. doi:10.1007/s00467-013-2736-9 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  23 
 
 
Takahashi, S., Wada, N., Murakami, H., Funaki, S., Inagaki, T., Harada, K., & Nagata, M. (2006). 
Triggers of relapse in steroid-dependent and frequently relapsing nephrotic syndrome. 
Pediatric Nephrology, 22, 232-236. doi:10.1007/s00467-006-0316-y 
Thoits, P. A. (1983). Dimensions of life events that influence psychological distress: An evaluation 
and synthesis of the literature. In H. R. Kaplan (Ed.), Psychosocial stress: Trends in theory 
and research (pp. 33-103). New York: Academic Press. 
Uwaezuoke, S. N. (2015). Steroid-sensitive nephrotic syndrome in children: Triggers of relapse and 
evolving hypotheses on pathogenesis. Italian Journal of Pediatrics, 41, 19. 
doi:10.1186/s13052-015-0123-9 
Van Eck, M., Berkhof, H., Nicolson, N., & Sulon, J. (1996). The effects of perceived stress, traits, 
mood states, and stressful daily events on salivary cortisol. Psychosomatic Medicine, 58(5), 
447-458.  
Van Campen, J. S., Jansen, F. E., Steinbusch, L. C., Joëls, M., & Braun, K. P. J. (2012). Stress 
sensitivity of childhood epilepsy is related to experienced negative life events. Epilepsia, 
53(9), 1554–1562. https://doi.org/10.1111/j.1528-1167.2012.03566.x 
Verkuil, B., Brosschot, J. F., Meerman, E. E., & Thayer, J. F. (2012). Effects of momentary assessed 
stressful events and worry episodes on somatic health complaints. Psychology & Health, 
27(2), 141-158. doi:10.1080/08870441003653470 
Wiener, L., Battles, H., Zadeh, S., Widemann, B. C., & Pao, M. (2017). Validity, specificity, 
feasibility and acceptability of a brief pediatric distress thermometer in outpatient clinics. 
Psycho-Oncology, 26(4), 461–468. https://doi.org/10.1002/pon.4038 
Willemen, A. M., Schuengel, C., & Koot, H. M. (2009). Physiological regulation of stress in  
referred adolescents: The role of the parent–adolescent relationship. Journal of Child 
Psychology and Psychiatry, 50, 482-490. 10.1111/j.1469-7610.2008.01982.x  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  24 
 
 
Acknowledgements  
The authors would like to thank J. C. M. A. Davin for facilitating this study, and A. L. van Dam for 
contributing to data processing. This research was funded by the Dutch Kidney Foundation. 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  25 
 
 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
  26 
 
 
Highlights 
 Perceived stress was associated with increased proteinuria, up to five days later 
 Emotional valence was not associated with proteinuria 
 Days prior to and after stressful events were associated with increased proteinuria 
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